It was possible to quantitate the terminal oxidase(s) reaction using bacterial resting-cell suspensions and demonstrate the usefulness of this reaction for taxonomic purposes. Resting-cell suspensions of physiologically diverse bacteria were examined for their capabilities of oxidizing N,N,N',N'-tetramethyl-pphenylenediamine (TMPD) using a manometric assay. For organisms having this capability, it was possible to calculate the conventional TMPD oxidase Q (02) 
It was possible to quantitate the terminal oxidase(s) reaction using bacterial resting-cell suspensions and demonstrate the usefulness of this reaction for taxonomic purposes. Resting-cell suspensions of physiologically diverse bacteria were examined for their capabilities of oxidizing N,N,N',N'-tetramethyl-pphenylenediamine (TMPD) using a manometric assay. For organisms having this capability, it was possible to calculate the conventional TMPD oxidase Q(02) value (microliters of 02 consumed per hour per milligram [dry weight]). All cultures were grown heterotrophically at 30 C, under identical nutritional conditions, and were harvested at the late-logarithmic growth phase. The TMPD oxidase Q(02) values showed perfect correlation with the Kovacs oxidase test and, in addition, it was possible to define quantitatively that point whichseparated oxidase-positive from oxidase-negative bacteria. Oxidase-negative bacteria exhibited a TMPD oxidase Q(02) value (after correcting for the endogenous by substraction) of -33 and had an uncorrected TMPD/endogenous ratio of -5. The TMPD oxidase Q(02) values were also correlated with the data obtained for the Hugh-Leifson Oxferm test. In general, bacteria that exhibited a respiratory mechanism had high TMPD oxidase values, whereas fermentative organisms had low TMPD oxidase activity. All exceptions to this are noted. This quantitative study also demonstrated that organisms that (i) lack a type c cytochrome, or (ii) lack a cytochrome-containing electron transport system, like the lactic acid bacteria, exhibited low or negligible TMPD oxidase Q(02) values. From the 79 bacterial species (36 genera) examined, it appears that this quantitative oxidase test has taxonomic value that can differentiate the oxidative relationships between bacteria at the subspecies, species, and genera levels.
The para-phenylenediamines (PPDs), particularly the tetramethyl-and dimethyl-derivatives (TMPD and DMPD, respectively), are basic dyes that can function as biological electron donors. Both derivatives have been used extensively in microbiological studies as qualitative indicators of oxidase activity (10, 14, 15, 29) . Originally Gordon and McLeod (15) found the oxidase test to be particularly useful for the rapid identification of Neisseria gonorrhea and Vibrio cholerae. Kovacs (29) standardized the oxidase test procedure by using the more sensitive TMPD derivative and defined the time interval (10 s) during which a bacterial colony must turn blue in color to be considered oxidase positive. Gaby and Hadley (14) , using a test tube cytochrome oxidase test, monitored the oxidation of DMPD-oxalate, in the presence of a-naphthol, and obtained results comparable to the Kovacs oxidase test (13) .
The taxonomic importance of the qualitative oxidase test has become apparent from the studies of several investigators (3, 11, 14, 39) .
Ewing and Johnson (11) were able to differentiate Aeromonas and Plesiomonas from organisms of the family Enterobacteriaceae using the oxidase test. Steel (38) examined 1,660 organisms of various genera and showed the Kovacs oxidase reaction to be a useful taxonomic tool. The oxidase test also has been used in studies with Staphylococcus spp. (39) , and this test, together with the glucose fermentation reaction (1) , was found to be useful in classifying organisms of the family Micrococcaceae (3).
It also has been possible to quantitate the PPD a-naphthol oxidation reaction in tissues; in this instance, it is more commonly referred to as the indophenol oxidase reaction (27, 40, 41) . The early attempts at quantitating the TMPD oxidase reaction in bacteria were hindered by the complexity of the reaction and its uncertain relationship to catalase and peroxidase activity (12, 31) . Yamagutchi (43) improved upon the quantitation procedure and measured manometrically both the PPD and DMPD oxidation reactions, which he related to the dry weight of the bacterial cells. Oxidasepositive bacteria exhibited higher activities for PPD and DMPD oxidation than did oxidasenegative bacteria. Later, Richardson (34) (25) , where it has shown that the TMPD oxidation kinetics by whole cells were remarkably similar to those obtained for the electron transport particle (19) . Reduced TMPD readily penetrates the intact A. vinelandii cell, and its oxidation by the electron transport system is comparable to the terminal oxidase reaction measured by cytochrome c oxidation (20, 24) . This same quantitative TMPD oxidation reaction was also used successfully for measuring the highly potent oxidase reaction in Neisseria spp. (23 (17) .
MATERIALS AND METHODS
Microorganisms and cultural conditions. The bacteria used for this study are listed in Tables 1  through 4 ; the sources of all cultures are identified in Acknowledgments.
Resting-cell suspensions were prepared from bacteria grown at 30 C in nutrient broth (Difco), which contained 1% (wt/vol) sucrose supplemented with 0.5% (wt/vol) yeast extract (Difco). The marine bacteria Pseudomonas bathycetes and Vibrio parahaemolyticus were grown on the medium to which 1.5% (wt/vol) NaCl was added. Vitreoscilla stercoraria was grown on this same medium, which was supplemented with 0.25% (wt/vol) K2HPO4, and glucose was substituted for sucrose. All seed cultures were allowed adequate time to adapt on the above medium, and batch cultures were prepared in 400-ml quantities, grown in 1-liter flasks placed on a rotary shaker (72 cycles/min). Bacterial growth was monitored turbidimetrically so that all batch cultures were harvested (by centrifugation) at the late-logarithmic growth phase, i.e., two-thirds of the maximal growth concentration. The pelleted cells were suspended in 0.02 M potassium phosphate buffer, pH 7.5, homogenized, and stored overnight at 4 C. On the following day, the resting-cells suspension was centrifuged, and the pellet was resuspended, homogenized, and standardized turbidimetrically so that a 1/100 dilution of this suspension (in 0.02 M phosphate buffer) gave a reading of 0.700 to 0.800 optical density units at 420 nm. The concentration of resting cells used for the estimation of TMPD oxidase activity ranged from 7.8 to 67.2 mg (dry weight) per ml.
Chemical and enzyme assays. The sources and the preparation of the various chemical reagents needed for the quantitative oxidase assay have been described previously (19, 21, 23, 25, 26) . Manometric assays were performed with Warburg flasks, and all TMPD oxidase values are reported using the con-APPL. ENVIRON. MICROBIOL. vential Q(02) value (see footnote c, Table 1 ). The endogenous respiration represents the Q(02) value obtained in the absence of ascorbate and TMPD in the assay system. Suitable controls were always employed to ensure that: (i) the assay measured the ascorbate-reduced TMPD oxidation by the bacterial cell suspension (23, 25) ; (ii) no oxidation reaction occurred in the absence of TMPD; and (iii) no chemical (or nonenzymatic) auto-oxidation of TMPD occurred during the assay interval (19) . TMPD oxidase assays of the marine organisms were performed in the presence and absence of 1.5% (wt/vol) NaCl. Slightly higher TMPD oxidase Q(02) values were obtained from assays in which the NaCl was omitted, and these are the values reported herein. H-L O/F test. Isolated bacterial colonies, grown on Trypticase soy broth (BBL) containing 0.8% yeast extract (Difco) and 1.5% agar, were used to inoculate the H-L O/F semisolid carbohydrate medium. Acid and gas production, from the aerobic and anaerobic dissimilation of the test carbohydrates, were recorded in accordance with the scheme proposed by Hugh and Leifson (17) .
Oxidase test. The test was performed in the manner described by Kovacs (29) . The bacterial colony used as the inoculum was a mate of that used for the O/F test.
RESULTS
The results of the quantitative TMPD oxidase survey study are presented in Tables 1 to  4 . The corrected TMPD oxidase value (TMPD minus endogenous) and the TMPD/endogenous ratio were the two parameters that were most valuable for interpreting the data presented. 7 and 4, respectively. The oxidase-positive V. parahaemolyticus strains had TMPD oxidation values that were 7 to 11 times more active than the oxidasenegative V. (metschnikovii) cholerae. It should be noted that, whereas the corrected TMPD oxidation Q(02) value for the oxidase-positive V. parahaemolyticus strain SAK3 was not much greater than the value shown for the oxidasenegative P. maltophilia (27 versus 25), there was a major difference in their respective TMPD/endogenous ratios. This difference is attributed to the extremely low endogenous respiratory Q(02) values that appeared to be characteristic for all of the Vibrio spp. analyzed in this study. Table 2 presents the TMPD oxidase Q(02) values for all other Kovacs oxidase-positive bacteria examined in this study. This physiologically diverse group of bacteria possesses corrected TMPD oxidase Q(02) values ranging from 64 to 2,154 and the TMPD/endogenous ratios ranging from 5 to 197. Azotomonas insolita had the highest TMPD oxidase Q(02) value of any organism tested, a TMPD oxidase Q(02) of 2,154 and a TMPD/endogenous, ratio of 197. Included in Table 2 are the values obtained for two Micrococcus (Sarcina) luteus strains, which are considered oxidase variable (3, 4) . Although the Kovacs oxidase test data showed these two strains to be oxidase positive, they did possess both the lowest corrected TMPD oxidase Q (02) Table 4 presents data for the quantitative TMPD oxidase study using oxidase-negative bacteria, other than the enterobacteria. The corrected TMPD oxidase Q(02) values for these organisms ranged from 0 to 24, and the TMPD/ endogenous ratios ranged from 1 to 5. Among these oxidase-negative bacteria, one finds the Kovacs oxidase-variable species, M. (lysodeikticus) luteus, which possesses a TMPD oxidase Q(02) value considerably lower than the two oxidase-positive M. luteus strains discussed previously (see Table 2 ). Also shown are the data obtained for Bacillus spp., which are generally considered to be oxidase variable (38) .
All Bacillus spp. examined were found to be oxidase negative, having low corrected TMPD oxidase Q(02) values ranging from 0 to 10 and ratios ranging from 1 to 5. Surprisingly, Bacillus cereus did exhibit a relatively high TMPD oxidase value [Q(02) = 66], but when this value was corrected for the endogenous respiration [Q(02) = 56] no difference was noted in the analyses of TMPD oxidase patterns.
From the data presented in Tables 1 through  4 , it is possible to resolve quantitatively that point which separates the bacteria oxidase positive by the Kovacs test from the oxidase-negative ones. Oxidase-negative bacteria would have to have both a corrected TMPD oxidase Q(02) value no greater than 33 and a TMPD/ endogenous ratio no greater than 5. These two parameters have to be considered to evaluate on June 18, 2017 by guest http://aem.asm.org/ Downloaded from on a quantitative basis whether or not an organism is either oxidase positive or negative. Any organism having TMPD oxidation values just slightly higher (or lower) than these parameters would be most difficult to classify and would be considered as a truly oxidase-variable species. Of all the organisms analyzed in this study, none approached this point. The closest were two V. parahaemolyticus strains, FC1011 and SAK3, which exhibited low corrected TMPD oxidase Q(02) values of 34 and 27, respectively (see Table 1 ). However, the TMPD/ endogenous ratios for these two strains were so high (35 and 28, respectively) that there was no question as to the extent that the TMPD oxidase reaction occurred. The exact opposite situation exists for an oxidase-positive strain of M. luteus (see Table 2 ). The TMPD/endogenous ratio was low [Q(02) = 51, but the corrected TMPD oxidase Q(02) value was sufficiently high [Q(02) = 641 so as to leave no doubt that a meaningful TMPD oxidation reaction had occurred. Figure 1 shows the relationship between the corrected TMPD oxidase Q(02) values and the H-L 0/F test groups for each organism used in this study. The abbreviations represent the bacterial generic names that are identified in Tables 1 through 4 . The 0/F groups are defined in the legend of Fig. 1 and reflect physiological differences in bacteria that are based on oxygen requirements for growth on a complex medium containing carbohydrate. Basically, the H-L 0/ F test groups allow separation of bacteria that exhibit an oxidative-type metabolic pattern from those that are basically fermentative. The correlation of the TMPD oxidase Q(02) value to the H-L 0/F groups showed that high TMPD oxidase activity was found primarily in oxidative-type organisms, although some interesting exceptions were noted. The dashed line in Fig.  1 separates the Kovacs oxidase-positive bacteria (all points above the line) from the oxidasenegative bacteria (all points below the line). The dashed line is discontinuous, to separate the two oxidase-positive V. parahaemolyticus strains from the oxidase-negative bacteria in H-L group Illa. From Fig. 1 , it appears that the two V. parahaemolyticus strains have the same corrected TMPD oxidase Q(02) values as three oxidase-negative E. coli strains in group IIIb and just slightly higher than those shown for P. maltophilia and Streptomyces griseus in group I. This figure, however, does not take into account the high TMPD/endogenous ratios that have been discussed previously about these two V. parahaemolyticus strains (see Table 1 ). The data shown in Fig. 1 are organized in summary form in Table 5 with the genus and species name listed alphabetically for each of the H-L groups. The table also shows the ranges for the corrected TMPD oxidase Q(02) values (footnote a) for each of the H-L groupings for both the oxidase-positive and -negative organisms.
The bacteria in H-L group I produce alkaline end products when grown on the H-L 0/F media both under aerobic and anaerobic conditions. Classifying organisms in this group as "nonoxidizers" is misleading in that all organisms in group I exhibit basically an oxidative (respiratory) metabolic pattern. Apparently, the inability of many organisms in this group to metabolize the test carbohydrates oxidatively creates problems in characterizing them according to the H-L scheme. For this reason, the bacteria listed in H-L group I showed the least correlation with TMPD oxidase activity, and it is quite apparent that listed among these bacteria are the asaccharolytic types, which are known to be strongly oxidase positive and shown in this study to have high TMPD oxidase Q (02) nisms in H-L group I are many bacteria that have been known to possess an "oxidative" metabolism yet are oxidase negative and exhibit low TMPD oxidase Q(02) values. The low TMPD oxidase activity may result from (i) the lack of necessary electron transport components, i.e., type c cytochrome, as in the case of P. maltophilia (37); (ii) the organism possesses a terminal or cytochrome oxidase component that cannot be assayed using TMPD as an electron donor; and (iii) TMPD may be impermeable to whole-cell oxidations in some bacteria. Preliminary experiments in this laboratory suggest that the latter possibility may be the case for most organisms of the order Actinomycetales (S. griseus, Mycobacterium phlei, M. smegmatis, and M. fortuitum). (2) Pediococcus cerevisiae Streptococcus faecalis (2) S. pneumoniae S. pyogenes Vibrio (metschnikovii) cholerae biotypeproteus a Range of Q(02) values for the TMPD oxidation after correcting for the endogenous by subtraction.
b Numbers in parentheses indicate the total number of strains that were analyzed for that organism.
bacteria falling into H-L group II. It would be of interest to examine these organisms to establish which oxidation-reduction (or cytochrome) components are present that allow such bacteria to be oxidative, yet lack the capability to oxidize TMPD. The bacteria of H-L group IIIa are recognized by acid production without gas during growth at the expense of carbohydrates under both aerobic and anaerobic conditions. Except for three organisms, all bacteria in this group (i) possess a fermentative metabolic pattern, (ii) possess an oxidase-negative reaction, and (iii) show low TMPD oxidase activity. Although the TMPD oxidase activities were low for the fermentative organisms of this group, the assay still was sensitive enough to allow further separation of the oxidase-negative organisms into two separate groups (see Fig. 1 ). Low, but still measurable, TMPD oxidase activity was noted for the organisms Corynebacterium diphtheriae, Bacillus spp. (B. cereus, B. megaterium, and B. subtilis), and strains of Staphylococcus aureus, as well as others. However, there were organisms in this group that completely lack TMPD oxidation capabilities, among which were the Streptococcus spp. (Streptococcus pneumoniae, S. pyogenes), P. cerevisiae, and Lactobacillus casei. The inability of these organisms to oxidize TMPD is undoubtedly due to the fact that they do not contain cytochrome components and thereby lack the conventional membrane-bound electron transport system(s) (7, 9) .
The unusual exceptions were three "fermentative" bacteria that were oxidase positive and possessed moderate to high TMPD oxidase Q(02) values. Aeromonas liquefaciens had a very high TMPD oxidase Q(02) value, whereas the three strains of V. parahaemolyticus VOL. 31, 1976 on June 18, 2017 by guest http://aem.asm.org/ (FC1011 and SAK3; V. parahaemolyticus biotype alginolyticus) had moderately high TMPD oxidase activity (Tables 1 and 2) . No reason can be given at this time for the high TMPD oxidative activity for the fermentative group IIIa organisms A. (liquefaciens) hydrophila.
The bacteria found in H-L group IIIb produce acid and gas from carbohydrate decomposition under both aerobic and anaerobic conditions. Except A. hydrophila, H-L group IIlb contained essentially all bacteria of the family Enterobacteriaceae, which are unquestionably oxidase negative, and possess low TMPD oxidase Q(02) values. The fermentative enterobacteria, however, do have low, but still measurable, TMPD oxidase activity, with E. coli oxidizing TMPD at the upper limit observed for any oxidase-negative bacterium. The numerous E. coli strains analyzed show the actual extent of variation that can occur, using the quantitative TMPD oxidase assay described (Table 3) .
A. hydrophila was the only oxidase-positive fermenter found in H-L group IIIb. This organism was unquestionably oxidase positive and possessed relatively high TMPD oxidase activity; a rate that was at least four times greater than that exhibited by the most active E. coli strains. This finding is analogous to that previously reported for A. (liquefaciens) hydrophila, in H-L group IIIa, and is undoubtedly a meaningful one.
None of the bacteria surveyed in this quantitative TMPD oxidase assay fell into H-L group IIlc, which originally included the "paracolon" bacteria (17) . DISCUSSION The principle underlying the microbiological oxidase test is the visual analysis of a color change that results from the oxidation of a PPD derivative (with or without a-naphthol), caused by a cytochrome-dependent bacterial terminal oxidase reaction. A quantitative manometric procedure is described herein that measures this same oxidase reaction by monitoring oxygen consumption as TMPD is oxidized by resting-cell suspensions. Specifically, this TMPD oxidase reaction was utilized to measure terminal oxidase activity in a variety of physiologically diverse bacteria. All resting-cell suspensions were prepared from organisms grown heterotrophically, under identical nutritional conditions, and harvested at the late-logarithmic growth phase. Such conditions were kept constant to ensure that bacterial intracellular cytochrome type and content were characteristic of those commonly found in the logarithmic growth phase. Bacterial heme content is known to vary depending upon the environmental (or physiological) growth conditions as well as the phase of growth during which the bacterial population is harvested (16, 24) . For example, logphase A. vinelandii strain 0 cells, grown on sucrose under nitrogen-fixing conditions, exhibited 10-fold lower TMPD oxidase Q(02) values than did identically treated cells that were grown on acetate as the sole source of carbon (25) . Another report of this nature states that the oxidase-negative M. leprae becomes cytochrome oxidase positive when freshly tested isolates are analyzed from tissues (4) .
Another factor than can affect the TMPD oxidation by bacterial whole cells is the permeability of the electron donor (TMPD) itself. Since TMPD oxidation is carried out by membrane-bound terminal oxidase(s) (2, 18) , it is necessary that TMPD penetrate the outer cell wall envelope. For both A. vinelandii and Neisseria spp., reduced TMPD readily oxidized by the intact whole cells at rates which indicate that no surface permeability restrictions exist (23, 25) . Conover (6) also has demonstrated that reduced TMPD readily penetrates the nuclear membrane barrier and is oxidized by preparations of intact calf thymus nuclei. However, ferrocytochrome c oxidation could not be carried out in such preparations. The intact nuclei preparation remained impermeable to the natural electron donor, cytochrome c. Although in this study it was assumed that TMPD is permeable for all oxidase-positive bacteria, the degree of permeability could undoubtedly affect the quantitative Q(02) values obtained. The differences in activity observed between some oxidase-positive and -negative bacteria must, in part, reflect a measure ofpermeability kinetics. This possibility, however, does not detract from the usefulness of this quantitative TMPD oxidation reaction. Its use here is analogous to the qualitative oxidase test, except that it allows one to establish the degree to which this reaction can occur in bacteria and use this value for taxonomic purposes. High TMPD oxidase Q(02) values were found for Pseudomonas, Neisseria, and Vibrio spp., and this finding could have been predicted since these bacteria have long been suspected of possessing potent terminal oxidase (4, 15, 38) . Among these organisms were two exceptions, P. maltophilia and V. (metschnikovii) cholerae biotype proteus. Both bacteria previously have been reported as oxidase-negative species (4, 37) and as such would be expected to have a low TMPD oxidase activity, which they did (see Table 1 ). Without exception, all oxidase-negative bacteria had low on June 18, 2017 by guest http://aem.asm.org/ Downloaded from VOL. 31, 1976 TMPD oxidation values (see Tables 3 and 4) . Organisms formerly reported to be oxidase variable also were examined by this quantitative oxidase test. By examining the oxidase-variable strains of M. luteus (3, 4) , one could differentiate the oxidase-positive strains, formerly Sarcina spp., from the oxidase-negative strain M. (lysodeikticus) luteus (Tables 2 and 4) .
From the data obtained, it was possible for the first time to resolve quantitatively that point which separates the oxidase-positive bacteria from the oxidase negative. Oxidase-negative bacteria have endogenous corrected TMPD oxidase Q(02) values of s33 and uncorrected TMPD/endogenous ratios of c5, whereas all oxidase-positive bacteria have TMPD oxidase Q(02) values and ratios greater than both of these parameters.
As realized from the earlier studies, the oxidase test has been particularly useful for taxonomic studies with gram-negative bacteria (4, 38) . Most gram-positive bacteria are oxidase negative, and only a few are oxidase variable (38) . This point was confirmed readily by this quantitative TMPD oxidase study. The only gram-positive bacterium exhibiting a high TMPD oxidase value was Sporosarcina ureae; the next most active was M. (Sarcina) luteus, which was considered oxidase variable (4). All other gram-positive organisms were oxidase negative, having low TMPD oxidase Q(02) values. Interestingly, among the gram-positive organisms, one finds the obligately aerobic bacteria, which must possess a respiratory mechanism (H-L groups I and II); yet these are oxidase negative and have low TMPD oxidase Q(02) values. One such organism is M. phlei, which possesses both type c cytochrome(s) as well as the terminal oxidase components, cytochromes a + a3 and o (5, 32, 33) . The isolated electron transport particle of the oxidase-negative M. phlei oxidized TMPD at rates of approximately 0.02 to 0.20 uatoms of 02 consumed per min per mg of protein (33) . This activity is low when compared with a similar type particle isolated from the oxidase-positive A. vinelandii, which oxidized TMPD at a minimal rate of 4.1 ,uatoms of 02 consumed per min per mg of protein (19, 21, 24) . These results suggest that the low TMPD oxidase activity in M. phlei is probably due to the chemical nature (or composition) of the electron transport system, which just does not allow for maximal TMPD oxidation. TMPD simply may not serve equally well as an electron donor for all bacterial terminal oxidases. Many bacteria of the mycobacterialnocardial group have the capability of growing on hydrocarbons (4, 22, 28) , which implies that QUANTITATIVE OXIDASE TEST 677 they must possess active "oxygenating mechanisms"; yet they apparently are all oxidase negative and lack the capability of utilizing oxygen for TMPD oxidation. The other possibility, previously mentioned, is that the mycobacterialnocardial-type bacterial cells are impermeable to TMPD. Our data suggest that this might be the case for many organisms of the order Actinomycetales. Preliminary studies in our laboratory indicate that by merely sonicating restingcell suspensions of M. smegmatis one can increase the uncorrected TMPD oxidase Q(02) value fivefold, the new Q(02) value obtained for the ruptured cells now falling in a range [Q(02) = 90] commonly found for many oxidase-positive organisms.
Finally, the quantitative TMPD oxidase assay described is analogous to the cytochrome c oxidase assay. There is evidence which indicates that type c cytochrome(s) is required for the TMPD oxidation by bacterial electron transport systems, as is the case for cytochrome oxidase activity of tissues and mitochondria (27) . The organisms P. maltophilia and V. stercoraria were examined because of reports that both lack type c cytochromes (8, 30, 37, 42) . Both were found to be oxidase negative and had low TMPD oxidase Q(02) values (Tables 1 and  4) . A similar finding would be expected for the phytopathogen P. syringae, which also is an oxidase-negative pseudomonad that lacks type c cytochrome (35) . The low TMPD oxidase values noted for Xanthomonas spp. and V. (metschnikovii) cholerae may eventually be explained on the same basis, that both either lack type c cytochrome(s) or are devoid of terminal cytochrome oxidase component(s). The exact opposite appears to be the case for Aeromonas spp. These organisms exhibit a fernentative metabolism similar to those organisms classified in the family Enterobacteriaceae; yet they have high TMPD oxidase values (Table 2) , like Pseudomonas spp. (4). Aeromonas spp. are all oxidase positive, as reported earlier in studies using the cytochrome oxidase test (14) , and it was this characteristic that allowed for its separation from other enterobacteria (11 (36) describes an oxidase-positive mutant that has been isolated from E. coli Hfr strain H1060, which exhibited small but distinct alpha-band absorption characteristics for cytochrome c in the 550-to 553-nm region. The quantitative TMPD oxidase reaction has yet to be performed for such an oxidase-positive E. coli mutant. Except for this one report, there is no other evidence to suggest that oxidase-positive mutants can be isolated from a wild-type oxidase-negative strain. Bacteria that completely lack cytochrome components (and therefore are deficient in terminal oxidases) would be unable to oxidize TMPD to any meaningful degree. In this study, such oxidase-negative bacteria are represented by Streptococcus spp., L. casei, P. cerevisiae, and Gaffkya tetragena (Table 4) .
